

Method for investi gating body fluids fo r cancer r . ell . s, 
nge> XhP^.re^nff corresponding analysis kits and use of 
ce rtain active substances for treating cancer 

5 The present invention relates to a method for investi- 
gating body fluids for cancer cells, the use thereof 
and corresponding analysis kits, and the possibilities 
for cancer treatment derived therefrom. The method is 
based essentially on determining the expression of the 

10 manganese superoxide dismutase, thioredoxin reductase 
and/or glutathione peroxidase genes. The use of this 
method permits in particular reliable tiomor diagnosis 
and prognosis. Diminishing an elevated expression of 
these genes may have therapeutic value and be utilized 

15 for cancer treatment. --- 



Aerobic organisms in particular are exposed to 
oxidative stress throughout life. Both endogenous and 
exogenous factors lead to continuous production of free 
20 radicals, especially in the form of reactive oxygen 
species. Without an appropriate antioxidative protec- 
tion, the damage, associated with the reaction of the 
free radicals, to cellular constituents and cellular 
structures would soon result in death of the cell. 

25 

Although the organism is able to avoid most of the 
oxidative damage, the antioxidative protection, which 
is very complex and consists of several hundred com- 
ponents in ea-ch individual cell, does not appear to be 
30 comprehensive. Instead, it must be assumed that oxida- 
tive damage accumulates with increasing age, suggesting 
that this is an essential, if not the decisive, factor 
in the aging process. The development of cancer is also 
discussed in this connection. 

35 

There are at least three different superoxide dis- 
mutases (SOD for short) in human tissues. These include 
the cytoplasmic Cu/Zn superoxide dismutases and the 
mitochondrial manganese superoxide dismutase (MNSOD for 



short) . These catalyze the decomposition of superoxide 
free radicals (O2") / producing hydrogen peroxide (H2O2) 
which can in turn be decomposed by catalases and/or 
glutathione peroxidases to H2O and O2. 

It has been possible to show that the development of 
colorectal tumors and hepatic metastases thereof is 
associated with a significant increase in MNSOD 
expression ( Janssen et al . J. Cancer Res Clin. Oncol. 
125(6), 327-35, 1999). It was also possible to show 
this for lung tumors ( Chunq~man HJ, et al. Cancer 
Research 1; 61(23), 8578-85, 2001) and for breast 
cancer cells ( Zhongkui Li et al.. Free Radical & 
Medicine 30; 260-267, 2001) . It was observed in 
clinical studies that an 'increased MNSOD antigen level 
in colorectal carcinomas, in stomach tumors and in 
glioblastomas is an independent prognostic factor for 
the reduced survival rate of the patients investigated 
( Janssen AML et al. Br. J. Cancer, 78(8) 1051-1057, 
1998; Janssen AML et al . Clinical Cancer Research 
vol. 6., 3183-3192, 2000; Ria F. et al . British Journal 
of Cancer 84(4) 529-534, 2001). On the other hand, 
epithelial cells from carcinomas in situ of the breast 
and benign hyperplasias were more often found to be 
strongly positive for MNSOD expression than neoplastic 
epithelial cells from invasive carcinomas of the breast 
(Soini Y. et al. J Pathol Sep. 195 (2) , 156-62, 2001). 

Thioredoxin reductase (TXNRD for short) is a key enzyme 
for regulating the intracellular redox state. This 
enzyme catalyzes the NADPH-dependent reduction of thio- 
redoxin disulfide and a large number of other oxidized 
cellular constituents (Becker K, et al. Eur. J. 
Biochem. 267, 6118-6125, 2000). Constitutive expression 
of TXNRD has been detected in various human cell types, 
e.g. leukocytes. According to recent studies, TXNRD 
expression is thought to be involved in the development 
of tumors ( Soderberg A. et al . Cancer Research 60, 
2281-2289, 2000) . 
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Glutathione peroxidase (GPX for short) plays an impor- 
tant part in protection from oxidative stress. This 
enzyme catalyzes the decomposition of H2O2 to H2O and 
5 O2. Overexpression of GPXl is therefore able to protect 
cells from oxidative destruction and appears to be 
important especially when MNSOD is also overexpressed, 
because accumulation of H2O2 is otherwise possible 
(Li S., et al. Cancer Research 60, 3927-3939, 2000). A 
10 reduced GPXl expression was observed in imexon- 
resistant RPM/8226/I myeloma cells (Dvorakova K. et al. 
Molecular Cancer Therapeutics 1, 185-195, 2002) . 

It has been possible in recent years, through the 
15 identification and characterization of disseminated 
cancer cells, to achieve astonishing advances in the 
diagnosis, prognosis and therapy of cancers. This 
approach is based on the realization that the dissemi- 
nated cancer cells are a tximor entity independent of 
2 0 the primary t\imor and therefore are fundamentally 
different from cells of the primary tumor on the basis 
of a different genotype and phenotype . Thus, for 
example, it is possible with the aid of multiparameter 
analyses to answer, irrespective of the status of the 
25 primary tumor, questions with prognostic and thera- 
peutic relevance in a number of patients with breast 
cancer ( Giesing M. et al.. The International Journal of 
Biological Markers vol. 15 (1), 94-99, 1999). 

30 One object of the present invention is to indicate a 
further practicable method permitting reliable cancer 
diagnosis. The method ought advantageously also to 
answer prognostic questions about the further course of 
a cancer. A further object of the present invention is 

35 to indicate targets for medical treatment of cancer. 

The present invention relates to a method for investi- 
gating biological samples for cancer cells, where the 
expression of at least 2 genes which are selected from 
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i) manganese superoxide dismutase genes; 

ii) thioredoxin reductase genes; and 

iii) glutathione peroxidase genes 

is determined on at least one cell-containing fraction 
5 of the biological sample. 

The term cancer cell represents according to the 
invention a cell which exhibits one or more 
modification associated with cancer, that is dysplasia 

10 in the general sense. The basis for this definition is 
the idea that a continuous alteration process is 
involved in the development of cancer. For example, a 
plurality of alterations, especially in the genetic 
material or in the expression of the genetic material 

15 by cells is usually required to progress from a normal 
cell to a cancer cell and in particular to a tumor 
cell. The term cancer cell therefore also includes 
precursors of cancer and in particular tumor cells with 
cancerous or tumorous modifications. 

20 

The gene expression analysis of the invention comprises 
determination of the expression of at least two genes 
(parameters) . Analysis of a single parameter essen- 
tially involves three method steps: 

25 

a) expedient provision of the gene expression product 
to be determined; 

b) quantification of the gene expression product; 

c) evaluation. 

30 

Method steps a) , b) and c) are advantageously carried 
out in the stated sequence. Investigation of a plura- 
lity of parameters can take place in separate methods 
or, in a preferred embodiment of the present invention, 
35 at least partly in parallel in an appropriately 
designed method, in which case at least method steps a) 
and b) are carried out in parallel for at least 2 of 
the parameters i) , ii) and iii) of the invention. 



In a particular embodiment of the method of the inven- 
tion, the expression of at least one MNSOD gene is 
determined in combination with the expression of at 
least one further gene selected from thioredoxin 
reductase genes and glutathione peroxidase genes. Of 
these, the combination of MNSOD genes with TXNRD genes 
is preferred. 

In a further particular embodiment of the method of the 
invention, the expression of at least one MNSOD gene, 
of at least one TXNRD gene and of at least one GPX gene 
is determined. 

a) Provision of the gene expression product to be 
determined - - _ . 

The method of the invention is suitable for investi- 
gating samples of any biological origin. One embodiment 
relates to body samples of human and animal origin. 
Samples such as tissues, native, frozen, fixed, with 
and without dissection, blood and blood constituents or 
isolates thereof, further body fluids, e.g. bone 
marrow, lymph, sputum, lavages, puncture fluids, 
ascites, mucosal smears, exudates and urine, or stool, 
and especially cell-containing fractions thereof, can 
advantageously be investigated by the method of the 
invention. It is accordingly an in vitro method. 

In a preferred embodiment of the present • invention, 
body fluids, especially blood and blood constituents or 
isolates thereof, and also bone marrow, in which cancer 
cells are present where appropriate, are investigated. 
Body fluids are investigated in particular for dissemi- 
nated cancer cells. 

The term "'disseminated cancer cell" is defined in 
particular in relation to solid tumors, that is to say 
in particular primary tumors, metastases and 
recurrences. In contrast to solid tumors, disseminated 



cancer cells are able to circulate in the body of an 
individual. This usually takes place via endogenous 
transport organs, especially body fluids, in particular 
blood. Disseminated cancer cells are usually derived 
from a solid tumor by initially being part of a solid 
tumor, that is in particular of the tumor tissue, from 
which they subsequently become detached. In this way, 
disseminated cancer cells leave the region of the body 
defined by the solid tumor, especially the morpho- 
logical structural units affected by the tumor, for 
example the organ, and reach inter alia sites with 
which there is no morphological connection starting 
from the solid tumor. 

According to a particular aspect," disseminated - cancer _ 
cells are characterized by their relatively small 
amount in a sample based on the non-cancer cells which 
are likewise present, i.e. they usually constitute a 
comparatively small proportion of the cellular 
constituents of the sample. They are therefore also 
referred to as residual cancer cells (minimal residual 
disease, MRD for short) . Considering for example 
cell-containing body fluids, the proportion of dissemi- 
nated cancer cells is usually below 1:1000, mostly 
below 1:10 000 and in many case even below 1:100 000, 
based on the number of non-cancer cells in a randomly 
obtained sample of the body fluid. In the case of 
blood, these ratios apply in particular in relation to 
mononuclear cells (for short: MNC) . 

Disseminated cancer cells are usually investigated in 
cell-containing mixtures which optionally comprise 
disseminated cancer cells in addition to non-cancer 
cells. The mixtures may comprise various proportions of 
disseminated cancer cells for the gene expression 
determination to be carried out according to the 
invention. However, proportions of at least 50% cancer 
cells are expedient, proportions of at least 70% are 
preferred and proportions of at least 80% are 



advantageous . 



With a view to the gene expression analysis to be 
carried out according to the invention, if necessary a 
preparatory processing of the cellular constituents 
present in the sample, and in particular of the gene 
expression products to be determined, takes place, by 
which means the latter are provided in an expedient 
form in relation to the method of the invention. Such 
processing usually corresponds to customary practice 
and is based in particular on the requirements for 
expression determination by protein or nucleic acid 
analysis . 

~Ah enrichment of cancer cells,, and . in particular of 
disseminated cancer cells, going beyond this can like- 
wise take place in a manner known per se, for example 
by known methods for isolating cancer cells, such as 
immunospecif ic adsorption methods, microdissection 
methods, density gradient methods or filtration 
methods . 

Isolation means for the purposes of the present inven- 
tion any enrichment of a constituent to be isolated 
from a mixture which comprises this constituent in 
addition to at least another one. The result of the 
isolation may therefore perfectly well be a further 
mixture which, however, comprises the constituent to be 
isolated in a higher concentration in relation to at 
least one other constituent compared with the original 
mixture . 

According to a particular aspect, the processing of the 
invention takes place with enrichment of cancer cells. 
This aspect relates in particular to the investigation 
of body fluids with relatively small proportions of 
disseminated cancer cells, in particular those 
described above. The aim of this type of processing is 
to provide test cells or, usually, a test cell mixture 
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which then have or has a higher proportion of cancer 
cells than the original cells or the original cell 
mixture if cancer cells are present in the original 
cells or in the original cell mixture. The original 
5 cells, the original cell mixture or parts thereof may 
serve as comparison cells or comparison cell mixture 
which then have or has a lower proportion of cancer 
cells than the test cells or the test cell mixture if 
cancer cells are present in the original cell mixture. 

10 

A particular method for enrichment of disseminated 
cancer cells is described in WO 00/06702. This method 
is incorporated in the present disclosure by reference. 
The disseminated cancer cells which can be enriched by 
15 this" method- are distinguished by _their dedifferen- 
tiated, premetastatic character. They are therefore 
also referred to as micrometastases . In contrast to 
disseminated cancer cells which can be enriched in 
particular with immunospecif ic adsorption methods, i.e. 
20 in particular epithelial, relatively small cancer cells 
(especially with diameters of about 20 |jm or less), the 
cancer cells which can be enriched by the method 
described in WO 00/06702 have undergone an epithelial- 
mesenchymal transition: they are usually larger (in 
25 particular with diameters of more than about 20 pm) and 
usually no longer exhibit the organotypical expression 
pattern and/or the epithelial expression charac- 
teristics of the disseminated cancer cells which can be 
enriched in particular by immunospecif ic adsorption 
30 methods. Thus, whereas with epithelial disseminated 
cancer cells there is still a certain connection to the 
primary tumor via the organotypical expression pattern 
and/or the epithelial expression characteristics, the 
mesenchymal disseminated cancer cells are independent 
35 of the primary tumor. This makes them into disseminated 
cancer cells which are preferably investigated 
according to the invention. 

In the method described in WO 00/06702, a cell- 



containing body fluid or parts thereof, for example a 
nonspecif ically enriched fraction, are passed through a 
screen with a mesh or pore width of about 10 to 200 pm, 
and the screen residue remaining on the screen, i.e. 
the cell fraction retained on the screen, is obtained. 
A proportion of cancer cells of at least 50% is 
achieved in the screen residue, as long as the cell- 
containing body fluid or parts thereof comprise cancer 
cells, through use of screens of particular mesh or 
pore size which make a size- and shape-dependent 
separation process possible. Screens used in the known 
methods are sheet-like or porous structures with 
orifices which have dimensions such that non-cancer 
cells present in the cell-containing body fluid are 
able to pass through, whereas cancer cells or cancer 
cell aggregates are retained. 

In an advantageous further development of the method, 
which makes simple automation and standardization of 
the method possible, and at the same time further 
increases the purity of the filtered cancer cell frac- 
tion, it is possible to use a flat filter with a mesh 
or pore width of about 10-2 00 \m which is disposed in 
the filter housing which makes uniform rinsing through 
of the filter surface possible owing to a suitable 
fluidic design. This is described in particular in 
DE 100 54 632 and is incorporated in the present dis- 
closure by reference. 

Thus, in a particular embodiment, the cell-containing 
body fluid or parts thereof are conveyed into an inlet 
port of a filter housing, the body fluid is passed 
laterally out of the inlet port into a fluid chamber on 
the inlet side of the filter housing and is distributed 
over a flat filter disposed in the filter housing and 
having a mesh or pore width of about 10-200 yrni essen- 
tially parallel to the surface of the flat filter, the 
body fluid or the parts thereof are transported over 
the flat filter and separated into a residue remaining 



on the flat filter and a filtrate, the filtrate is 
collected in a fluid chamber on the outlet side and is 
discharged through an outlet port and subsequently the 
residue is obtained. 

If cancer cells are to be isolated from blood, it is 
preferred according to the invention initially to 
separate white blood cells by density gradient centri- 
fugation. Cancer cells are found in particular in the 
fraction which also comprises mononuclear cells, so 
that this fraction (referred to hereinafter as MNC 
fraction) is preferably passed on to the subsequent 
filtration or alternatively to another method for 
isolating cancer cells. 

The filtration of the cell-containing body fluid or the 
fraction is complete when the total cell-containing 
fluid has passed through the screen or the flat filter. 
A washing step may follow, in which further liquid, 
preferably buffer or culture medium, is passed through 
the screen or the flat filter. The washing liquid can 
be added to the previously obtained filtrate or else be 
collected separately therefrom and discarded where 
appropriate . 

The cell fraction retained on the screen or flat filter 
can be passed on directly to the subsequent expression 
analysis or initially to storage. The residue compris- 
ing the cancer cells is advantageously initially 
detached from the screen or flat filter and collected. 
Various procedures can be chosen for this purpose 
depending on the nature of the subsequent use. 

For example, the residue can be incubated in a solution 
which leads to lysis of the cells and permits cellular 
constituents such as nucleic acids, proteins or lipids 
to be obtained. It is advantageous in this case for the 
solution to be agitated during the incubation. If the 
method of the invention is carried out manually, it is 
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possible for example to connect a syringe piston in 
each case to the inlet port and to the outlet port of 
the filtering apparatus and to pump the solution 
backwards and forwards between the two syringes. If the 
5 method proceeds automatically, a corresponding agita- 
tion of the solution can be achieved by conveying means 
such as, for example, pumps. 

Vital cancer cells are obtained by dissolving the 
10 residue adhering to the flat filter, advantageously by 
back- flushing the filter with a liquid which is 
conveyed from the fluid chamber on the outlet side of 
the filter housing into the fluid chamber on the inlet 
side. The back-flushing liquid is advantageously a 
15 buffer solution or a culture medium. The cancer or 
tumor cells obtained in this way can for example be 
cultivated to obtain cellular constituents or vaccines. 
Alternatively, cancer cells can be detached from the 
filter surface using centrifugal force or by means of 
20 so-called optical tweezers. 

Suitable screens or flat filters usually have a mesh or 
pore width of about 10-200 pm, preferably of 15 to 
30 |jm, particularly preferably of 17-27 pm and very 

25 particularly preferably of about 20 ^tm. The flat filter 
is advantageously designed as membrane filter, in which 
case typical filter materials such as plastics networks 
or fabrics, microporous membrane filters, filter tile 
or combinations thereof can be employed. Suitable 

30 filter materials and suitable methods for producing 
such filters are described in particular in 
WO 00/06702. It is particularly preferred to use 
filters which are made of solvent-resistant material 
and which may consist for example of plastics such as 

3 5 polyethylene , polypropylene , poly tetraf luoroethylene , 
highly fluorinated polymers, vinylidene fluoride, 
aminoplastics and, in particular, polyester. 

To select the screen or filter suitable in each case 
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for isolating particular cancer cells, the skilled 
worker can obtain, in preliminary experiments with 
screens or filters of increasingly narrow mesh (for 
example in the sequence 200 |jm, 115 pm, 7 4 |im, 51 |im, 
38 pm, 30 im, 27 ^m, 20 Mm, 17 pm, 15 pm and 10 [m) , 
individual cell fractions and investigate them for 
their therapeutic and diagnostic relevance. It may also 
prove advantageous in this connection to employ filter 
combinations, i.e. in the above example for instance to 
filter off, using a 115 |am filter, less relevant, 
larger aggregates and to analyze only the cancer cell 
fraction collected on a downstream 20 \xm filter. 

The expression analysis of the invention relates to the 
determination of any - gene expresssion prpducts such as 
proteins or nucleic acids and, in this connection, 
especially mRNA and the nucleic acids which can be 
derived therefrom, such as cDNA. Generally known 
methods can be applied to obtain these gene expression 
products, where appropriate mixed with further cellular 
constituents. For nucleic acids in particular the 
methods and reagents known to be suitable for the area 
of isolating and purifying nucleic acids will be used, 
for example a solution comprising guanidine isothio- 
cyanate and phenol (cf. Lottspeich F. and Zorbas H. 
(editors) Bioanalytik, Heidelberg; Berlin: Spektrum, 
Akad. Verl., 1998, in particular chapter 21). It is 
possible in particular for mRNA to be isolated in the 
form of poly A"^ mRNA by means of oligo-dT column 
chromatography or correspondingly equipped magnetic 
beads . 

b) Quantification of the gene expression product 

The methods which can be used to quantify the respec- 
tive gene expression product are primarily governed by 
the nature of the gene expression product. Thus, it is 
possible in principle to employ all the methods known 
to be suitable for quantifying proteins and nucleic 



acids from the areas of protein analysis and nucleic 
acid analysis. From the area of protein analysis, 
mention may be made for example of enzymatic activity 
assays, immunological techniques, certain spectroscopic 
methods and mass spectrometry, if necessary in combina- 
tion with chromatographic or electrophoretic separation 
methods. In order to ensure specific detection of the 
expressed proteins, immunological methods will advanta- 
geously be used, as described for example in the 
studies described at the outset on the expression of 
the MNSOD, TXNRDl and GPXl genes. 

The skilled worker is able in particular starting from 
the respective amino acid sequence to produce anti- 
bodies -which are directed against the protein. It is 
possible for this purpose to use the entire protein or 
fragments thereof (polypeptides) as immunogen, and to 
produce, in a manner known per se, polyclonal and 
monoclonal antibodies and, based thereon by means of 
recombinant techniques, also humanized antibodies, and 
fragments thereof. 

These antibodies can then be used in particular in 
quantitative immunoassays and immunoblot techniques, 
e.g. Western blotting. Both direct and indirect assays 
are suitable. Competitive immunoassays, i.e. the 
protein or polypeptide to be detected competes as 
antigen with labeled antigen for antibody binding, are 
in particular. Sandwich immunoassays are preferred, 
i.e. the binding of specific antibodies to the antigen 
is detected using a second, usually labeled antibody. 
These assays may be designed to be both homogeneous, 
i.e. without separation into solid and liquid phase, 
and heterogeneous, i.e. bound labels are separated from 
unbound ones, for example by solid phase-bound 
antibodies. The various heterogeneous and homogeneous 
immunoassay formats can be assigned, depending on the 
labeling and method of measurement, to particular 
classes, for example RIAs (radioimmunoassays) , ELISA 
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(Enzyme Linked Immunosorbent Assay), FIA (fluorescence 
immunoassay) , LIA (luminescence immunoassay) , TRFIA 
(time-resolved FIA), IMAC (immunoactivation) , EMIT 
(Enzyme Multiplied Immune Test), TIA (turbidimetric 
5 immunoassay) . 

Of the mass spectrometric methods, particular mention 
should be made of the so-called SELDI method. This 
comprises the protein mixtures to be investigated 

10 initially being trapped on suitable surfaces, e.g. 
solid support surfaces with affinity for proteins, 
unwanted substances being removed if necessary from the 
surfaces, for example by washing with suitable liquids, 
and subsequently determination being carried out by 

15 MALDI-TOF Laser. Desorptipn/Ionization Time-Of Flight 
Mass Analysis) . 

The skilled worker is equally able to find nucleic 
acids which encode this protein or parts thereof and 
20 provide suitable means for specific detection thereof. 

Thus, methods from the area of nucleic acid analysis 
which should be particularly mentioned are those based 
on the specific binding with the nucleic acid to be 

25 determined. Included herein is in particular the 
specific amplification of the nucleic acid to be 
determined or parts which can be derived therefrom, 
e.g. determination of mRNA by means of quantitative 
PCR, and/or specific hybridization thereof onto 

30 optionally immobilized probes (especially with the aid 
of nucleic acid arrays, also called biochips), if 
necessary after previous specific or nonspecific 
amplification . 

35 The term ''manganese superoxide dismutase (MNSOD for 
short) according to the invention refers to enzymes 
which catalyze the decomposition of superoxide free 
radicals (O2") to form hydrogen peroxide (H2O2) . These 
include in particular the enzymes which constitute 
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enzyme class 1.15.1-1. 

Owing to differences in phylogenetic development, there 
is a certain species-dependent heterogeneity within 
this group of enzymes. The determination will be 
directed at the particular MNSOD to be expected in the 
relevant organism, depending on the individual to be 
investigated. In a particular embodiment of the present 
invention, the determination is directed at MNSODs of 
human origin. 

In addition to species-dependent variations, there are 
also usually for each species polymorphic variants 
which have different amino acid sequences owing to 
allelic variation. Variations of this type have already 
been described (Barra et al. (1984) J. Biol. Chem. 259: 
12595-12601; US 5,246, 847 (Figure lA) ; US 5,260,204 
(claim 1); US 5,985,633 (SEQ ID NO: 1); the 9Ala-9Val 
polymorphism described in Stoehlmacher J et al. (2002) 
Oncol. Rep. 9: 235-238) . Reference is made to the 
MNSODs described in these publications in their 
entirety. 

In a particular embodiment of the present invention, 
the expression analysis is directed at an MNSOD having 
the amino acid sequence SEQ ID NO: 13. 

Further useful directions for the MNSOD determination 
of the invention can also be found by the skilled 
worker from the nucleic acid sequences indicated in the 
aforementioned publications. In addition, there are 
numerous entries in relevant gene databases for MNSOD- 
encoding nucleic acid sequences, on the basis of which 
the skilled worker is able to provide suitable means 
for the sequence-specific detection of these sequences 
and of expression products which can be derived 
therefrom. Mention should be made in particular in this 
connection of MNSOD mRNA which can be isolated from 
human liver tissue (Accession No. X14322) , MNSOD mRNA 



which can be isolated from human colonic carcinoma 
(Accession Nos . X59445, X15132, Y00985 and M36693) , 
MNSOD mRNA which can be isolated from hiaman placental 
tissue (Accession No. X07834) , cDNA which can be 
derived from a human T-cell DNA gene library (Accession 
No- E01408, cf. also JP 1987289187-Al) , and DNAs and 
RNAs encoding various MNSOD variants (Accession 
Nos. E03557, E08013 and E08014; cf. also 

JP 1992117288-Al and JP 1994245763-Al) . 

In a further particular embodiment, the sequence- 
specific detection of MNSOD expression is directed at 
determination of an mRNA or corresponding cDNA having 
the sequence SEQ ID NO: 14 or a partial sequence 
thereof . 

Specific amplification of this sequence is possible for 
example using the primer sequences of SEQ ID NO:l and 
SEQ ID NO: 2. A suitable probe is indicated for example 
by SEQ ID NO: 3. This probe is particularly suitable for 
the 5 ' -exonuclease detection using the two afore- 
mentioned primer sequences. 

The term ^'thioredoxin reductase" (TXNRD for short) 
according to the invention refers to enzymes which 
catalyze the NADPH-dependent reduction of thioredoxin- 
S2 to thioredoxin- (SH) 2- These include in particular the 
enzymes which constitute enzyme class 1.6.4.5. 

An additional point is that the thioredoxin reductase 
family includes a plurality of thioredoxin reductase 
isoforms of which, besides thioredoxin reductase 1, 
mention should be made in particular of thioredoxin 
reductases of type 2 (e.g. a or p), or 3. 

Owing to differences in phylogenetic development, there 
is a certain species-dependent heterogeneity within 
this group of enzymes. The determination will be 
directed at the particular TXNRD to be expected in the 



relevant organism, depending on the individual to be 
investigated. In a particular embodiment of the present 
invention, the determination is directed at TXNRDs of 
human origin. 

In addition to species-dependent variations, there are 
also usually for each species polymorphic variants 
which have different amino acid sequences owing to 
allelic variation. Reference is made to the TXNRDs 
described in these publications in their entirety. 

In a particular embodiment of the present invention, 
the expression analysis is directed at a TXNRDl having 
the amino acid sequence SEQ ID NO: 15. 

Further useful directions for the TXNRD determination 
according to the invention can be found by the skilled 
worker from the nucleic acid sequences indicated in the 
aforementioned publications. In addition, there are 
numerous entries in relevant gene databases for TXNRD- 
encoding nucleic acid sequences, on the basis of which 
the skilled worker is able to provide suitable means 
for the sequence-specific detection of the sequences 
and of expression products which can be derived there- 
from. Mention should be made in particular in this 
connection of TXNRD mRNA (Accession Nos. AF106697, 
S79851, and AF201385) , TXNRD mRNA which can be isolated 
from hximan placental tissue (Accession No. X9124), 
TXNRD mRNA which can be isolated from human brain 
tissue (Accession No. AF208018) , TXNRD mRNA which can 
be isolated from human osteoblasts (Accession 
No. AJ001050) , TXNRDl mRNA which can be isolated from 
human large cell lung carcinoma (Accession 
No. BC018122), TXNRD2a mRNA (Accession No. AB019694) 
and TXNRD2B mRNA (Accession No. AB019695) which can be 
isolated from human placental tissue, TXNRDJi mRNA which 
can be isolated from human melanoma (Accession 
No. BC007489) , TXNRD GRIM-12 mRNA which can be isolated 
from human breast carcinoma (Accession No. AF077367), 



TXNRD2 mRNA (Accession No. AF171055) and TXNRD3 mRNA 
(Accession No. AF133519 and AF171054) • 

In a further particular embodiment, the sequence- 
specific detection of TXNRD expression is directed at 
determination of TXNRDl expression and in particular of 
an mRNA or corresponding cDNA having the sequence 
SEQ ID NO: 16 or a partial sequence thereof. 

Specific amplification of this sequence is possible for 
example using the primer sequences SEQ ID NO: 4 and 
SEQ ID N0:5. A suitable probe is indicated for example 
by SEQ ID NO: 6. This probe is particularly suitable for 
5 ' -exonuclease detection using the two primer sequences 
mentioned above . 

The term ^'glutathione peroxidase" (GPX for short) 
according to the invention refers to enzymes which - 
similar to catalases - catalyze the decomposition of 
hydrogen peroxide (H2O2) to form water and oxygen. These 
include in particular the enzymes which constitute 
enzyme class 1.11.1.9. 

An additional point is that the glutathione peroxidase 
family includes a plurality of glutathione peroxidase 
isoforms of which, besides glutathione peroxidase 1, 
mention should particularly be made of the glutathione 
peroxidases of type 2, 3, 4, 5 or 6. 

Owing to differences in phylogenetic development, there 
is a certain species-dependent heterogeneity within 
this group of enzymes. The determination will be 
directed at the particular GPX to be expected in the 
relevant organism, depending on the individual to be 
investigated. In a particular embodiment of the present 
invention, the determination is directed at GPXs of 
human origin. 

In addition to species-dependent variations, there are 



also usually for each species polymorphic variants 
which have different amino acid sequences owing to 
allelic variation. Variations of this type have already 
been described; e.g. a Pro-Leu amino acid substitution 
at position 197 ( Forsberg L et al. (1999) Hiom. Mutat. 
14 (4) :294-300) . Reference is made to the GPXs described 
in these publications in their entirety. 

In a particular embodiment of the present invention, 
the expression analysis is directed at a GPXl having 
the amino acid sequence SEQ ID NO: 17. 

Further useful directions for the GPX determination 
according to the invention can also be found by the 
skilled worker from the nucleic acid sequences 
indicated in the aforementioned publications. In 
addition, there are numerous entries in relevant gene 
databases for GPX-encoding nucleic acid sequences, on 
the basis of which the skilled worker is able to 
provide suitable means for the sequence-specific 
detection of these sequences and of expression products 
which can be derived therefrom. Mention should be made 
in particular in this connection of human GPX mRNA 
(Accession No. AF217787), exon 1, 2, and 3 to 5 human 
GPX DNA (Accession Nos . D16360, D16361 and D16362) , GPX 
mRNA which can be isolated from hxaman placental and 
fetal liver tissue (Accession No. D00632) , GPX mRNA 
which can be isolated from human liver tissue 
(Accession Nos. Y00433 and E02175, cf. also 
JP 1990002362 Al), GPX mRNA which can be isolated from 
hxxman renal tissue (Accession No. Y13710, Y00369, 
X13709 and X13430), GPX DNA which can be isolated from 
human leukocytes (Accession No. Y00483) , GPXl mRNA 
which can be isolated from hviman myelocyte leukemia 
cells (Accession No. M21304) , GPX2 DNA which be 
isolated from human colonic carcinoma (Accession 
No. X91863) , GPX2 mRNA which be isolated from human 
bladder carcinoma (Accession No. BC005277 and 
BC016756) , GPX2 DNA which be isolated from human 



fibroblasts (Accession No. AF199441), GPX3 mRNA which 
be isolated from human placental tissue (Accession No. 
X58295) , GPX3 mRNA which be isolated from human large 
cell lung carcinoma (Accession No. BC013601) , GPX3 mRNA 
which be isolated from human spleen tissue (Accession 
No. BC025956) , GPX4 mRNA which be isolated from human 
testicular tissue (Accession No. X71973) , GPX4 mRNA 
which be isolated from hioman melanoma (Accession 
No. BC010157) and GPX5 mRNA which be isolated from 
human epididymis tissue (Accession No. AJ005277) . 

In a further particular embodiment, the sequence- 
specific detection of GPX expression is directed at 
determination of GPXl expression and in particular of 
an mRNA or corresponding cDNA having the sequence 
SEQ ID NO: 18 or a partial sequence thereof. 

Specific amplification of this sequence is possible for 
example using the primer sequences SEQ ID NO: 7 and 
SEQ ID NO: 8. A suitable probe is indicated for example 
by SEQ ID NO: 9. This probe is particularly suitable for 
5' -exonuclease detection using the two primer sequences 
mentioned above . 

The term amplification refers to the multiplication of 
nucleic acids, i.e. the generation of many copies of 
particular nucleic acids. The amplification usually 
proceeds at least linearly and preferably 
exponentially. 

Known amplification methods can be used, which include 
the polymerase chain reaction (PGR), also carried out 
in principle as nested PGR, asymmetrical PGR or 
multiplex PGR, or alternative methods such as the 
ligase chain reaction (LGR) , nucleic acid sequence- 
based amplification (NASBA) , transcription-mediated 
amplification (TMA) and the like. Gertain versions of 
these techniques and/or combinations with other 
molecular biology methods may be expedient. 



- 21 - 



The amplification procedure is preferably based on PGR 
techniques. For this purpose, usually at least two 
primers differing in polarity (i.e. at least one pair 
5 of primers composed of a forward primer and a reverse 
primer) are used per template. 

In a particular embodiment of the present invention, a 
pair of specific primers is used per nucleic acid 
10 sequence to be determined. An additional possibility is 
to amplify the total RNA of a sample (cf., for example, 
Zohlnhofer D. et al. Circulation 103, 1396-1402, 2001) 
and subsequently to determine particular RNAs as 
corresponding cDNAs by specific hybridization. 

15 

In a particular embodiment of the present invention, at 
least one primer which is labeled is used for the 
amplification. The labeling is used to detect an 
- amplicon into which the labeled primer has been 
20 incorporated during the amplification. 

The skilled worker is aware of a large number of 
suitable labels together with relevant detection 
systems. Fluorescent and chemi- or bioluminescent 
25 labels are preferred for reasons of sensitivity and 
practical handling . 

Labeling systems which are suitable in principle are 
those which can be detected for example 

30 spectroscopically, photochemically, biochemically, 
immunochemically, electrically, optically or 

chemically. These include both direct labeling systems 
such as radxoactive markers (e.g. P, H, i, b, 
^''O , magnetic markers, chromophores, for example UV-, 

35 VIS-, or IR- absorbing compounds, f luorophores , chemi- 
or bioluminescent markers, transition metals, which are 
usually chelate-bound, or enzymes, e.g. horseradish 
peroxidase or alkaline phosphatase and the detection 
reactions coupled thereto, and indirect labeling 
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systems, for example haptens such as biotin or 
digoxigenin, which can be detected by appropriate 
detection systems . 

5 Advantageous chromophores have an intense color which 
is only slightly absorbed by surrounding molecules. 
Classes of dyes such as quinolines, triarylmethanes, 
acridines, alizarins, phthaleins, azo compounds, 
anthraquinones/ cyanines, phenazathionium compounds or 
10 phenazoxonium compounds may be mentioned here as 
representative of the wide range of chromophores 
suitable according to the invention. 

Fluorescent labels are advantageous. Strong signals are 
15 obtained with little background, high resolution and 
high sensitivity. It is important according to the 
invention that one and the same fluorophore may emit a 
plurality of different radiations depending on the 
excitation and principle of detection. 

20 

Fluorophores can be used alone or in combination with a 
quencher (e.g. molecular beacons). 

Examples of preferred fluorophores are 

25 aminomethylcoumarin acetic acid (AMCA, blue) EDANS, 
BODIPY 493/503; FL; FL Br2; R6G; 530/550; 558/568; TMR 
542/574; TR 589/617; 630/650; 650/665, 6-FAM 
fluorescein (green), 6-OREGON green 488, TET, Cy3 
(red), rhodamines (red), 6-JOE, VIC, HEX, 5-TAMRA, NED, 
30 6-ROX, TEXAS Red7 (red), Cy5, Cy5.5, LaJolla Blue, 
Cy7, Alexa Fluor carboxylic acids, especially of the 
647 and 532 type, e.g. as succinimidyl ester, and 
IRD41. 

35 Particularly preferred fluorophores are Cy5, 5-Tamra 
and Cy3, and Alexa Fluor carboxylic acids. 

Chemiluminescent or bioluminescent labels are likewise 
advantageous. Preferred labels of this type are based 



for example on reactions of alkaline phosphatase with 
dioxetane phosphate (AMPPD) or acridinium phosphate 
substrates; of horseradish peroxidase with luminol or 
acridinium ester substrates; of microperoxidases or 
metal porphyrin systems with Iximinol; of glucose 
oxidase, of glucose-6-phosphate dehydrogenase; or of 
luciferin/lucif erase systems . 

A label can in principle be introduced in any manner 
into an amplicon to be detected as long as it permits 
detection thereof. A distinction can be made in 
principle between direct and indirect labeling. With 
direct labeling, the detectable label is incorporated 
during the amplification. With indirect labeling there 
is initial incorporation of a primary label which has a 
certain affinity for the detectable label which is to 
be added subsequently. The latter procedure is always 
advantageous when the label to be used might influence 
the course of the amplification. The indirect procedure 
is preferred especially in the case of chemi- or 
bioliaminescent labels. Biotin/streptavidin systems in 
particular have proved to be expedient according to the 
invention. Accordingly, the labeled primers to be used 
according to the invention in a particular embodiment 
of the present invention are labeled with biotin or 
digoxigenin, preferably at the 5' end. 

If at least two different nucleic acids are determined 
according to the invention, it is usually advantageous 
to carry out a so-called multiplex amplification, i.e. 
multiplex PGR in particular. The intention in this case 
is to subject at least two different nucleic acids to 
the specific amplification, this taking place in a 
joint approach. In particular, the multiplex PGR with 
the aid of at least two, in each case specific, pairs 
of primers generates just as many different amplicons 
as long as the appropriate templates are present. It is 
possible in this case for the primers or pairs of 
primers to be configured according to the above 



statements. It is particularly preferred according to 
the invention for all the primers or pairs of primers 
to be configured in the same way, so that the generated 
amplicons can all be treated in an analogous manner in 
the subsequent method steps. In particular, it is 
advantageous to be able to detect the amplicons in a 
joint method step. 

In addition, such a multiplex approach may also include 
further amplification systems which may . serve in 
particular as a control. Thus, it may in particular be 
desired also, to include standardization, mismatch, 
housekeeping, sample preparation, hybridization or 
amplification controls . 

It is particularly preferred according to the invention 
to determine the mRNA transcribed by the relevant 
genes. This may involve mRNA which is already spliced 
or not yet spliced. The determination is advantageously 
directed at spliced mRNA. 

Ordinarily it is not the mRNA which is directly 
detected but nucleic acids which be derived therefrom. 
This applies especially in the case where the detection 
includes an amplification by PGR. For this purpose, the 
mRNA is normally initially transcribed into DNA. This 
is possible for example by reverse transcription, in 
which case the DNA (cDNA) complementary to the mRNA is 
generated. Suitable procedures for generating cDNA from 
mRNA are familiar knowledge in the art. 

The resulting cDNA can subsequently be quantified by 
PGR as a measure of the amount of corresponding mRNA 
present. Suitable methods for this are also known to 
the skilled worker (see, for example, Ghapter 24.2.5 in 
Lottspeich F. and Zorbas H. (editors) Bioanalytik, 
Heidelberg; Berlin: Spektrum, Akad. Verl., 1998, in 
particular Chapter 21) . The technique known by the 
specialist term of ^^5 ' -exonuclease assay" has proved to 
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be particularly effective in this connection. In this 
case, a labeled probe which is annealed between the two 
primers onto the nucleic acid sequence to be detected 
(template) , and is degraded during the primer extension 
5 through the 5' -3' -exonuclease activity of the 
polymerase used, is used. The degradation generates a 
signal. Detection of this signal can be regarded as a 
measure of the progress of amplification, because the 
strength of the signal is proportional to the number of 
10 amplicons generated, and the time-dependent change in 
the signal additionally permits conclusions to be drawn 
about the amount of template. This type of assay is 
commercially available under the name ^^TaqMan®" . 

15 A further possibility for detecting nucleic acids is 
provided by techniques based on specific hybridization. 
These techniques can in principle be applied to the 
nucleic acids present in the sample, and nucleic acids 
which can be derived therefrom, it being possible for 

20 the nucleic acids, or the nucleic acids which can be 
derived therefrom, to be subjected to an amplification 
beforehand, or not. 

A large number of different hybridization formats are 
25 known in principle to the skilled worker. It is 
preferred according to the invention to use probes for 
sequence-specific nucleic acid detection. The procedure 
for this is usually as follows. 

30 If the nucleic acid to be detected results in double- 
stranded form, it should be converted into a single- 
stranded form beforehand. Suitable measures are 
sufficiently well known to the skilled worker. Thus, 
double-stranded nucleic acid as generated for example 

35 by a PGR can be subjected to denaturing conditions, 
such as elevated temperature, high ionic strength 
and/or alkaline pH. 

For the hybridization, the hybridization components are 



allowed to act on one another under conditions which 
allow duplex formation between nucleic acid sequence to 
be detected and probe complementary thereto. For 
example, the immobilized probe is brought into contact 
with a hybridization mixture which includes the nucleic 
acid or a nucleic acid which can be derived therefrom 
and, where appropriate, further customary additions. It 
is self-evident that parts of the mixture can initially 
be brought into contact separately from one another 
with the probe. The hybridization conditions are 
expediently chosen so that probe and target 
complementary thereto are able to form stable hybrids. 
Conditions of relatively low stringency are usually 
chosen initially, e.g. temperatures of about 20-50 ''C 
and ionic strengths of about 6 x SSPE or lower. 
Subsequent washing is then possible at similar or 
higher stringency e.g. about 2 x SSPE to about 
0.1 X SSPE at about 30-50*C. It is also possible to 
have recourse to known agents, e.g. detergents, 
blocking reagents, denaturing agents, agents which 
accelerate renaturation and Tm-equalizing agents. 
Optimization of the hybridization protocol is a matter 
for the skilled worker. 

Immobilized probes are preferably used for the 
hybridization. For this purpose, the probes are coupled 
to a support, for example by covalent, adsorptive or by 
physical/chemical interactions of probe and surface. 
Suitable methods for achieving an expedient coupling 
are known to the skilled worker. It is moreover 
possible for the previously prepared probe to be 
coupled to the surface, or for the probe to be 
synthesized in situ on the surface, e.g. by means of 
photolithographic methods. Coupling via photoactive 
groups, for example certain anthraquinones, and if 
necessary a spacer of suitable length and constitution, 
for example polyethylene glycol with n = 2-10 and 
preferably of about 6 for 8-60mers, to a reactive 
surface represents a preferred embodiment. Arrays of 
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immobilized probes are particularly preferred as 
convenient and efficient format. Reference is made to 
the statements concerning this in WO 02/18634 in their 
entirety. 

The sequence-specific detection is usually based on 
determining whether the probe and nucleic acid form a 
duplex, i.e. hybridize together. The detection 
according to the invention thus comprises whether a 
particular target sequence can be found or not 
(presence or absence) . The determination is to take 
place quantitatively in relation to the expression 
products of the MNSOD, TXNRD and GPX genes. 

The detection usually requires quantification of the 
nucleic acids which hybridize onto an immobilized 
probe. The quantification can take place absolutely or 
relatively. Suitable detection systems are sufficiently 
well known to the skilled worker. A frequently used 
possibility consists of introducing labels, e.g. of a 
radioactive, colorimetric, fluorescent or luminescent 
nature. These are introduced according to the invention 
preferably during an amplification which precedes the 
hybridization - as already explained above - or 
detected, in the case of indirect labeling after 
introduction of a primary label such as biotin or 
digoxigenin (DIG), by adding appropriate markers such 
as fluorescence-labeled or POD-labeled streptavidin or 
anti-DIG and, in the case of chemi- or bioluminescence , 
normally by addition of enzyme substrate solutions or, 
if substrate molecules such as luminol are used as 
markers, of enzyme solutions. 

The skilled worker is able to choose from the large 
niomber of suitable detection systems in particular the 
photoelectric area sensors described in WO 02/08458, in 
particular CCD cameras, or the fluorescence scanners 
described in DE 100 38 080. 
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c) Evaluation 

It is possible with the measurement methods described 
above to assign to each investigated sample a 
5 particular value which characterizes the expression of 
the investigated gene. It is particularly important 
according to the invention to determine whether 
expression in cells of the investigated sample is 
comparatively elevated, because an elevated MNSOD, 
10 TXNRD and GPX expression is relevant to cancer. The 
evaluation according to the invention therefore usually 
includes a comparison with cells in which no cancer- 
associated modification is to be expected (non-cancer 
cells, normal cells) . If the investigation according to 
15 the invention is directed for example at cancer cells 
in body fluids, the cells chosen for comparison will be 
those normally occurring in this body fluid. In the 
case of blood, these are in particular the white blood 
cells which can be obtained for example by density 
20 gradient centrif ugation (e.g. the buffy coat; the MNC 
fraction) or be separated by more specific isolation 
methods (e.g. CD45-positive lymphocytes) . These white 
blood cells can in principle also serve as comparison 
cells or comparison cell mixtures when investigating 
25 body fluids other than blood. A further possibility is 
for at least one cell-containing fraction of the 
sample, in particular of the body fluid, to be 
fractionated by procedures for enriching cancer cells 
into at least two partial fractions, of which one 
30 fraction, optionally enriched in cancer cells, can be 
used as test cell mixture, and the other fraction, 
optionally depleted in cancer cells, can be used as 
comparison cell mixture. 

35 If the investigation according to the invention is 
carried out on cell mixtures, it is not required for 
these mixtures to comprise exclusively cancer cells or 
exclusively non-cancer cells. On the contrary, the 
important point is the ratio of the cell types to one 



another in the mixtures. It is sufficient for the 
method of the invention if the proportion of cancer 
cells which is to be expected on the basis of the 
procedures for obtaining the mixtures is significantly 
higher in the test cell mixture than in the comparison 
cell mixture. Thus, proportions of cancer cells are 
perfectly possible in the comparison cell mixture, as 
long as the proportion of cancer cells in the test cell 
mixture is sufficiently higher. This can be ensured for 
example by obtaining the test cell mixture from the 
comparison cell mixture by procedures for enriching 
cancer cells. 

In a preferred embodiment of the present invention, 
therefore, a first cell-containing fraction is obtained 
from the biological sample with enrichment of cancer 
cells, and the expression of the genes in the cell- 
containing fraction is determined, a further cell- 
containing fraction of the biological sample or of a 
comparable biological sample is prepared, and the 
expression of the genes in the further cell-containing 
fraction is determined, and the expression of each gene 
in the cell-containing fraction is compared with its 
expression in the further cell-containing fraction. It 
is advantageous for the comparable biological sample to 
be derived from the individual whose biological sample 
is investigated for cancer cells, i.e. a comparison is 
made with the patient's own non-cancer cells. This is 
particularly important when the relevant patient has 
already received therapeutic procedures which have 
effects on the phenotype and genotype of his cells. 

The test principle according to the invention is 
therefore based on determining whether enrichment of 
cancer cells is associated with a measurable increase 
in MNSOD, TXNRD and GPX expression. The ratio of the 
expression measured in the test cell mixture to the 
expression measured in the comparison cell mixture is 
therefore decisive . 
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It will usually be expedient for validation of a 
particular test system to fix a particular quotient 
(limit) above which overexpression is present by 
definition. 

This limit may depend on the cell mixtures used and, in 
particular, on the obtaining thereof. Thus, it is 
expedient to carry out a particular embodiment of the 
method of the invention initially on healthy 
individuals, i.e. not suffering from cancer, and to 
fix, with the aid of statistical methods, a suitable 
limit for the method embodiment used. Thus, it is 
possible, taking account of statistical significance, 
to carry out the method on a sufficiently large group 
of individuals, to form the average from the measured 
expression ratios, and to fix the limit taking account 
of the average and of the relevant standard deviation. 
A limit found in this manner also takes account for 
example of the cases in which the test cell mixture 
shows enhanced expression of the measured parameter by 
comparison with the comparison cell mixture, although 
the test cell mixture does not contain any cancer cells 
either. Such cases may occur in particular when the 
method chosen actually for enrichment of cancer cells 
leads to enrichment of non-cancer cells which likewise 
show enhanced expression of the measured parameter. 
This case was observable for example in relation to 
GPXl expression when the white blood cells were 
subjected to a size- and shape-dependent separation 
process . 

It is moreover usually expedient to relate the values 
measured on the test cell mixtures and comparison cell 
mixtures to a standard. Such a standard can be produced 
for example with the aid of cell lines which show a 
sufficiently strong expression of the gene expression 
product to be determined (positive control) . For 
example, the breast carcinoma cell line EFM 192 is 



suitable as positive control for determining MNSOD and 
GPXl expression, and the breast carcinoma cell line 
MES-SA/Dx5 is suitable for example as positive control 
for TXNRDl expression. Further suitable reference cell 
lines are either known or can be established by the 
method of the invention, such as, for example, the 
breast carcinoma cell line BT474. 

The investigation according to the invention for cancer 
cells includes in particular identification thereof 
and/or characterization thereof. 

A further aspect of the present invention is therefore 
the use of the method of the invention for identifying 
cancer cells, in particular in early diagnosis of 
tumors. This is connected in particular with the 
analytical finding of whether the investigated sample 
has cancer cells, or the diagnostic finding of whether 
the individual whose sample has been investigated is 
suffering from cancer. An elevated expression of at 
least one MNSOD gene in combination with an elevated 
expression of at least one TXNRD gene and/or at least 
one TGTPX gene, and in particular an elevated 
expression of at least one MNSOD gene in combination 
with an elevated expression of at least one TXNRD gene 
in combination with an elevated expression of at least 
one GTPX gene is to be regarded as an indication of the 
presence of cancer cells in the investigated samples. 

This includes in particular detection of tiomor cells 
from sputum/saliva, especially for early diagnosis of 
lung tiomors; from urine, especially for early diagnosis 
of prostate and bladder tumors; from stool, especially 
for early diagnosis of colonic and pancreatic tumors; 
from blood/bone marrow/lymph, especially for early 
diagnosis of all disseminating tumors. 

One aspect of the present invention is also the use of 
the method of the invention for characterizing cancer 
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cells, e.g. for classifying tumors and for estimating 
the risk for the patient. This is connected with 
prognostic findings about the future course of a 
cancer, such as the probability (risk) of developing a 
metastasis or a recurrence, or of surviving a 
particular time, and therapeutic findings about the 
efficacy of an applied therapy (therapy monitoring) or 
findings for choice of the therapy. An elevated 
expression of at least one MNSOD gene in combination 
with an elevated expression of at least one TXNRD gene 
and/or of at least one TGTPX gene, and in particular an 
elevated expression of at least one MNSOD gene in 
combination with an elevated expression of at least one 
TXNRD ge'ne in combination with an elevated expression 
of at least one GTPX gene is associated with an 
increased risk of developing a metastasis or a 
recurrence, and with a reduced probability of surviving 
a particular time. In order to assess the efficacy of 
an applied therapy (therapy monitoring) , the method of 
the invention is carried out on at least two different 
dates, i.e. before and after a particular therapeutic 
procedure. It is possible to determine by comparing the 
expression determined before and after the procedure 
whether the therapeutic procedure has led to a change 
in the number of cancer cells identifiable by the 
method of the invention in the sample. A decrease is an 
indication of the efficacy of the therapeutic 
procedure. It is possible in this way to assess in 
particular those therapeutic procedures intended to 
reduce or eliminate disseminated cancer cells. 

In a particular embodiment, the method of the invention 
is part of a multiparameter investigation which, in 
addition to the three gene expression analyses of the 
invention, also includes the investigation of further 
parameters. In principle, as many parameters as 
possible should be investigated, so that the only 
reasons for a restriction are usually those of 
expediency and practicability. Such multiparameter 
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investigations usually involve investigation of up to 
10 000, in particular up to 1000, preferably up to 100, 
particularly preferably up to 75, 50 or 25 and in 
particular up to 10, parameters. 

5 

The term ^^parameter" refers in this connection to any 
biochemical or molecular biological peculiarity of 
cancer cells and in particular of disseminated cancer 
cells. Included herein are both therapeutic and 

10 diagnostic, especially prognostic, parameters. Genomic 
parameters, e.g. expressed at the DNA level, are 
included therein just as much as parameters from the 
area of expression, e.g. those expressed at the RNA, in 
particular mRNA, or protein levels. Examples of 

15 possible parameters are mutations, insertions, 
deletions, LOHs, amplifications, aberrations in the set 
of chromosomes and the like; the expression of splice 
variants; and the over- and underexpression of certain 
mRNAs or proteins - and further unusual, in particular 

20 cancer-specific, alterations of particular cellular 
constituents . 

Preferred parameters are those relating to qualitative 
peculiarities of the DNA and/or RNA apparatus. 

25 Parameters which should be particularly mentioned in 
this connection are those relating to cellular 
properties such as cell division, cell growths cell- 
cell interactions, inhibition of tumor suppression and 
therapy resistances, and especially having oncogenic 

30 influences and thus also determining the clinical 
picture of a cancer. Parameters from the area of DNA 
recombination, DNA amplification, DNA repair, cell 
cycling inducers and apoptosis inhibitors are 
particularly included therein. 

35 

Examples which may be mentioned are: 

especially oncogenes and tumor suppressor genes, 
such as p53, genes of the ras family, erb-B2, c-myc. 
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mdm2, c-fos, DPC4, FAP, nm23, RET, WTl and the like, 
LOHs, for example in relation to p53, DCC, APC, Rb and 
the like, and BRCAl and BRCA2 for hereditary tumors, 
microsatellite instability of MSH2, MLHl, WTl and the 
5 like; also tumorous RNAs, such as CEA, cytokeratins, 
e.g. CK20, BCL-2, MUCl, especially tumor-specific 
splice variants thereof, MAGE3, Mucl8, tyrosinase, PSA, 
PSM, BA46, Mage-1 and the like, or else morphogenic 
RNAs, such as maspin, HCG, GIP, motilin, hTG, SCCA-1, 
10 AR, OR, PR, various hormones and the like; 

in addition especially RNAs and proteins which 
relate to the profile of metastasis, i.e. the 
expression of angiogenesis, motility, adhesion and 

15 matrix degradation molecules such as bFGF, bFGF-R, 
VEGF, VEGF-Rs such as VEGF-Rl or VEGF-R2, E-cadherin, 
integrins, selectins, MMPs, TIMPs, SF, SF-R and the 
like, to the cell cycle profile or proliferation 
profile, such as cyclines (e.g. the ratio of cyclin D, 

20 E and B expressions), Ki67, P120, p21, PCNA and the 
like, or the apoptosis profile such as FAS (L+R) , TNF 
(L+R) , perforin, granzyme B, BAX, bcl-2, caspase 3 and 
the like. 

25 These and further parameters are described and 
explained in WO 99/10528, WO 00/06702 and in Giesing M. 
et al.. The International Journal of Biological Markers 
Vol. 15(1), 94-99, 1999. These statements are 
incorporated in this description in their entirety by 

30 reference. 

The present invention also relates to analysis kits for 
carrying out the method of the invention. These usually 
comprise 

35 i) at least one means for determining MNSOD gene 
expression, in particular specific antibodies or, 
preferably, sequence-specific primers and/or probes 
like those described above, e.g. primers having the 
sequences SEQ ID N0:1 and/or SEQ ID NO: 2, or probes 



- 35 - 

having the sequence SEQ ID N0:3; 

ii) at least one means for determining TXNRDl gene 
expression, in particular specific antibodies or, 
preferably, sequence-specific primers and/or probes 
like those described above, e.g. primers having the 
sequences SEQ ID NO: 4 and/or SEQ ID NO: 5, or probes 
having the sequence SEQ ID NO: 6; and/or 

iii) at least one means for determining GPXl gene 
expression, in particular specific antibodies or, 
preferably, sequence-specific primers and/or probes 
like those described above, e.g. primers having the 
sequences SEQ ID NO: 7 and/or SEQ ID NO: 8, or probes 
having the sequence SEQ ID NO: 9; and, where 
appropriate, 

iv) further usual means for carrying out the method of 
the invention. 

Further particular embodiments of kits of the invention 
are evident from the statements about the method 
itself. 

A further aspect of the present invention relates to a 
method for the testing and/or functional validation of 
active substances. For this purpose, the active 
substance is usually allowed to act ex vivo on 
disseminated cancer cells which are characterized by 
elevated expression of the MNSOD, TXNRDl and/or GPXl 
genes, and the response thereof is determined, in 
particular the expression of the MNSOD, TXNRDl and/or 
GPXl genes resulting after the action of the active 
substance. As control, the procedures of the method can 
be carried out in a corresponding manner on cells whose 
expression of the MNSOD, TXNRDl and/or GPXl genes is 
not elevated. It is usually possible to have recourse 
to cytobiological test systems known per se. If 
necessary, disseminated cancer cells can be maintained 
in culture and suitable bioassays can be carried out. 
For example, it is possible in this way to test known 
active substances with an antineoplastic effect and/or 



- 36 " 

active substances employed for adjuvant therapy. It is 
possible in particular to test targeted active 
substances. These targets may be according to the 
invention in particular the MNSOD, TXNRDl and/or GPXl 
5 genes or the expression products thereof. However, 
other targets functionally associated with said genes 
and the expression products thereof are also 
conceivable and therefore can be validated in relation 
to MNSOD, TXNRDl and/or GPXl gene expression. This is 
10 an important aspect of the development of active 
substances, according to which potential active 
substances can be selected in a targeted manner - for 
example by means of screening methods - and 
subsequently validated. 

15 

The purpose of this method for functional validation of 
active substances is to determine active substance- 
dependent, molecular and/or morphological alterations 
in the disseminated cancer cells. If determination of 

20 one or more parameters on the disseminated cancer cells 
reveals a state, after the action of the active 
substance, which differs from the state which existed 
before the action of the active substance, the target 
in relation to the active substance, or the active 

25 substance in relation to the target, is functionally 
validated according to the invention. The functional 
validation detects in particular a functional 
association between active substance and target in 
disseminated cancer cells. 

30 

The functional validation of the invention on 
disseminated cancer cells may where appropriate be 
based on a functional prevalidation of the target on 
other cell systems. For example, targets can be cloned 
35 and expressed in a manner known per se. Cell systems 
suitable for this purpose, especially human cell lines, 
are available to the skilled worker and can be 
transfected appropriately. Such target-displaying cell 
systems can be brought into contact in the manner 
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already described above with one or more active 
substances. This method is also used to establish a 
molecular and/or morphological action algorithm which 
can in turn be validated according to the invention on 
disseminated cancer cells. 

This method offers an advantageous basis for the 
development and testing of targeted active substances. 
The aiming at targets which have been clinically and 
functionally validated uniformly on disseminated cancer 
cells allows active substances to be developed with 
inclusion of pharmaco- and toxicogenomic aspects to 
reduce unwanted side effects and a correct 
stratification of patients, i.e. an - if necessary 
time-dependent - individualized use of active 
substances . Considerable savings in costs and time 
result by comparison with conventional active substance 
developments . 

A further aspect of the present invention relates to 
the treatment of cancer by modulating the expression of 
at least two genes which are selected from manganese 
superoxide dismutase genes, thioredoxin reductase genes 
and glutathione peroxidase genes. 

It is the particular purpose of the treatment according 
to the invention to reduce the expression of these 
genes. In this case, the treatment is directed mainly 
at the cellular constituents of body fluids in which 
disseminated cancer cells have previously been 
diagnosed. It is to be assumed that the phenotype of a 
majority of the disseminated cancer cells present in an 
individual is influenced by the treatment according to 
the invention so that the ability of the disseminated 
cancer cells to survive is reduced. 

Without being tied to a particular mechanism, such an 
effect of treatment can be explained by the 
disseminated cancer cells losing a protective mechanism 
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which is mediated by overexpression of one or more of 
the above genes, or being less adapted to the 
conditions prevailing in the particular body fluid, so 
that enhanced elimination of the disseminated cancer 
5 cells occurs. 

An advantageous treatment variant of the invention is 
directed at modulation of MNSOD expression in 
combination with modulation of TXNRD and/or GPX 
10 expression. Modulation of MNSOD, TXNRD and GPX 
expression is particularly advantageous. 

Methods and means for modulating the expression of 
particular genes are known in principle. In particular, 
gene expression can be reduced for example at the RNA 
level with the aid of specific antisense molecules. At 
the protein level, expression is reduced with the aid 
of specific binding partners which have a sufficient 
affinity for the expressed proteins and impair the 
function thereof. These include, for example, specific 
antibodies, but also low molecular weight compounds 
which, in the present case, can be developed on the 
basis of the reactions catalyzed by the enzymes and, in 
particular, the substrates converted. Accordingly, it 
is possible in particular to employ inhibitors of 
MNSOD, TXNRD and/or GPX activity. 

An effective amount of a combination of active 
substances which is able to reduce the expression of at 
30 least two genes selected from MNSOD, TXNRD and GPX 
genes, and to eliminate disseminated cancer cells in a 
treated individual is therefore administered according 
to the invention to the individual to be treated. 

35 The present invention therefore also relates to the use 
of a combination of appropriate active substances for 
providing a pharmaceutical composition for the 
treatment of cancer. In this connection, this combi- 
nation of active substances can be administered in the 



20 



form of an appropriate cocktail of active substances or 
in the form of individual active substances at 
different times, for example alternately at different 
times of day or sequentially, where the active 
substances are usually prepared as pharmaceutical 
composition in accordance with the rules of 
pharmaceutical practice. 

Exemplary embodiments 

Description of the figure 

Figure 1 shows the evaluation, plotted as bar diagram, 
of a CCD contact exposure image of the fluorescence 
radiation emitted from an array populated with the 
specified gene-specific probes after hybridization with 
cDNA single-stranded fragments obtained from cells in 
the blood of a tumor patient. 

Samples 

The following samples are used for the investigations 
described below: 

Blood from 9 healthy donors and 47 tumor patients; 
breast carcinoma cell line BT474 (reference cell line 
for MNSOD, TXNRDl and. GPXl overexpression) 

Tumor cell isolation (cancer cell fraction C) 

10 ml of heparinized blood are centrifuged (400 g; 
10 min; RT) . The supernatant plasma is removed. The 
pelleted cells are taken up in 12 ml of PBS. After 
density gradient centrif ugation (Nycodenz 1.077; 800 g; 
30 min, RT) the interphase cells (essentially 
mononuclear cells, MNC fraction for short) are removed 
and washed 2 x in 10 ml of PBS (1 mM EDTA) (4 00 g; 
10 min; 4**C) . The MNC fraction is taken up in 10 ml of 
PBS (1 mM EDTA, 0.5% BSA) . 1 ml of this cell mixture is 
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removed as possible reference (comparative fraction 
A' ) . The remaining 9 ml of cell mixture are passed via 
a coliamn through a screen woven from polyester 
filaments with a 20 pm mesh width (marketed by SEFAR 
5 AG^ Ruschlikon, Switzerland) , and the flow-through from 
the screen is collected as possible reference 
(comparative fraction B' ) • The coliamn is washed 5 x 
with 10 ml of PBS (1 mM EDTA) each time. The screen is 
removed, inverted and incubated in a reaction vessel 
10 with 0.7 ml of Trizol® (5 min; RT) . The screen is 
placed above the Trizol® solution in the reaction 
vessel and centrifuged (200 g; 30 s; RT) - The dry 
screen is removed and the Trizol® solution (cancer cell 
fraction C) passed on for further RNS isolation. 

15 

An alternative possibility to incubation of the screen 
in Trizol® is for the screen to be removed from the 
column, inverted and transferred into PBS (1 mM EDTA, 
0.5% BSA) , the cells can be pelleted by centrifugation 
20 (400 g; 10 min, 4''C) and passed on for further RNA 
isolation. 

Normal cell (non-cancer cell) isolation (comparative 
fractions A and B) 

25 

CD45-positiven lymphocytes are isolated as comparative 
fractions by removing in each case 1/10 of the MNC 
fraction before (fraction A') and after (fraction B' ) 
the screening process. They are transferred into a 

30 reaction vessel containing 1 ml of PBS (0.5% BSA, 
100 \ig hu-IgG) . 50 \xl of washed anti-CD45 microbeads 
are added thereto. The mixture is rotated at 4°C for 
20 min. The reaction vessel is then positioned on a 
magnetic strip in such a way that the microbeads (bound 

35 to CD45-positive MNCs) are pelleted on the vessel wall. 
A pure population of CD4 5-positive lymphocytes is 
obtained by washing the bead-cell aggregates three 
times and can then, dissolved in Trizol®, be passed on 
for RNA isolation. CD45 isolates of the MNC fraction 



before and after the screening process are referred to 
as comparative fraction A and B, respectively. 

RNA isolation 

The RNA is extracted and purified from the above cell 
lines in a manner known per se, e.g. with the aid of 
suitable kits as obtainable from commercial suppliers, 
e.g. from Qiagen and GIBCO-BRL. 

mRNA expression analysis 

The amounts of expressed mRNA are determined by 
quantitative RT-PCR. The PGR format is based on the 
5' -exonuclease assay known per se (e.g. TaqMan®) and is 
suitable for use on the TaqMan® 7700 sequence detector 
from Applied Biosystems (ABI) . 

The following reagents are employed: 

a) Reverse transcription (RT) 

5 X first strand buffer (from Boehringer) 

0.1 M dithiothreitol (DTT) 

RNA guard 38 950 U/ml (from Pharmacia) 

random hexamers 500 pg/ml (from Promega) 

dNTPs each 20 mM (from Pharmacia) 

M-MLV 200 U/pl (from Gibco) 

b) PGR 

10 X TaqMan® buffer (from Perkin Elmer (PE) ) 
MgCl2 25 mM (PE) 

dNTP mix (0.75 pi of each; 2.5 mM) 
ROX solution (100 x) (TIB) 

Amplitaq® Gold (PE) (for hot start method) 

The reagents mentioned are present in the Perkin Elmer 
TaqMan® PGR core reagent kit. 



To carry out the RT-PCR: 
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1. Reverse transcription (RT) 

Firstly an RT mix composed of 2.35 \il of H2O, 4 ]il of 
5 X first strand buffer^ 2 yil of 0.1 M DTT, 0.15 \il of 
5 RNA guard (38950 U/ml) , 0 . 5 ul of random hexamers 
(500 pg/ml), 0.5 ^1 of dNTP mix, 20 mM each, and 0.5 \il 
of M-MLV (200 U/pl) is prepared. 

10 ]2l of RNA (approx. 1 pg from RNA isolation) are 
10 denatured at 70 ''C for 1 min, immediately placed on ice 
and cooled for 3 min, and subsequently mixed with 10 pi 
of RT mix free of air bubbles, incubated initially at 
37 •'C for 60 min and then at 95 °C for 3 min, immediately 
placed on ice and cooled for 3 min. 

15 

This reaction mixture comprising the reverse transcript 
(cDNA) is either subjected directly to the PGR or 
frozen at -20**C. 

20 2. PGR 

Firstly a PGR premix composed of 28.5 ]il of H2O, 5.0 yil 
of buffer (PE) , 6 yil of ROX solution (100 x) (TIB), 
6.0 pi of MgGla (25 mM) , 3 . 0 pi of dNTP mix (0.75 pi of 
25 each; 2.5 mM) , 1 . 0 pi of primer (sense; 20 pmol/pl) , 
1.0 pi of primer (antisense; 20 pmol/pl), 0.5 pi of 
probe (20 pmol/pl) and 0 . 5 pi of Amplitaq Gold (PE 
5 U/pl) is prepared. 

30 Special reaction vessels are required for detecting the 
PGR products on the TaqMan® 7700 sequence detector. The 
PE optical tubes in combination with the PE optical 
caps are suitable. 47 pi of PGR premix and 3 pi of cDNA 
solution are employed per tube. 

35 

A 2-step method with the following thermocycling 
conditions is then chosen for the amplification: 
95 °C 10 min hot start activation 
95*^C 30 sec 
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eCc 60 sec 

ZO^C indefinitely number of cycles: 45 

2.1 Determination of manganese superoxide dismutase 
5 mRNA (MNSOD mRNA) 

The following MNSOD-specif ic primers and probes are 
used (MNSOD, S0D2; accession No. : M36693) : 

10 sense: 5'-GTCACCGAGGAGAAGTACCAGG -3' {SEQ ID N0:1) 

antisense: 5 ' -GGGCTGAGGTTTGTCCAGAA-3 ' (SEQ ID NO: 2) 

probe: 5 '-CGTTGGCCAAGGGAGATGTTACAGCCC-3 ' (SEQ ID NO: 3) 

15 

Size of the PGR product: 131 bp. 

2.2 Determination of thioredoxin reductase 1 mRNA 
(TXNRDl mRNA) 

20 

The following TXNRDl-specif ic primers and probes are 
used (TXNRDl; accession No. : X91247 cDNA) : 

sense: 5 ' -GGAGGGCAGACTTCAAAAGCTAC-3 ' (SEQ ID NO: 4) 

25 

antisense: 5' -ACAAAGTCCAGGACCATCACCT-3 ' (SEQ ID NO: 5) 
probe: 5'-TTGGGCTGCCTCCTTAGCAGCTGCCA-3' (SEQ ID NO: 6) 
30 Size of the PGR product: 158 bp. 

2.3 Determination of glutathione peroxidase mRNA (GPXl 
mRNA) 

35 The following GPXl-specif ic primers and probes are used 
(GPXl; accession No. : M21304) : 



sense 



: 5'-CTCGGCTTCCCGTGCAA-3' (SEQ ID NO: 7) 
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antisense: 5 ' -TGAAGTTGGGCTCGAACCC-3 ' (SEQ ID NO: 8) 

probe: 5' -AGTTTGGGCATCAGGAGAACGCCAAGAA-3' (SEQ ID NO: 9) 

5 Size of the PGR product: 109 bp. 

2.4 Determination of glyceraldehyde-3-phosphate 

dehydrogenase mRNA (GAPDH mRNA) 

10 The following GAPDH-specif ic primers and probes are 
used (GAPDH; accession No. X01677): 

sense: 5 ' -TGCTGATGCCCCCATGTTC-3 ' (SEQ ID NO: 10) 

15 antisense: 5 ' -GGCAGTGATGGCATGGACTG-3 ' (SEQ ID NO: 11) 

probe: 5'-TCAAGATCATCAGCAATGCCTCCTGCA-3' (SEQ ID NO: 12) 

Size of the PGR product: 17 4 bp. 

20 

3 . Evaluation 

For the evaluation, the ratio of cell equivalents of 
the mRNA to be determined to cell equivalents of GAPDH 
25 mRNA is found for each of the fractions A or A' and 

and the ratio of the resulting quotients is found in 
turn. Overexpression of the relevant mRNA is present if 
the ratio of the fraction C quotient to the fraction A 
quotient is more than a limit which is to be defined. 

30 

The cell equivalents are based on a cell standard. This 
cell standard is produced by mRNA being extracted from 
a known number of cells (e.g. 2 x 10"^) of a cell 
suspension of a carcinoma cell line which expresses the 
35 respective parameter (cell line BT474 for MNSOD, GPXl 
and TXNRDl) in the manner described above, and 
transcribed into cDNA. This cDNA is included in each 
quantitative analysis in the form of serial dilutions 
(e.g. 6 dilution levels) and serves as reference 



system. 



Results : 

Example 1: Healthy donors: 

The amounts of MNSOD, TXNRDl and GPXl mRNA determined 
in the isolated cells (fraction C) for healthy donors 
(niomber N) are indicated in table 1, specifically as 
ratio to the amounts of corresponding mRNAs in the 
comparative cell fraction (fraction A) . 



Table 1: MNSOD, TXNRDl and GPXl mRNA expression in the 
blood of healthy donors 





N 


Average 


Standard deviation 


Limit 


MNSOD 


9 


0.9300 


0.2891 


1.2 


TXNRDl 


9 


0.9133 


0.4166 


1.3 


GPXl 


8 


3.6888 


1.5533 


5.2 



The cells isolated from blood show a slightly elevated 
GPXl expression. The expression of MNSOD and TXNRDl is 
unchanged relative to the comparative cell fraction, 
that is the lymphocytes. 

For the subsequent assessment of the levels of 
expression measured in tumor patients, the levels 
regarded as positive are those which exceed the average 
level plus standard deviation. These levels are 
indicated as limit in table 1. 

Example 2 : Tvimor patients 

A number of tumor patients with different tumors are 
included in the investigation. The tumors had been 
diagnosed by various other medical methods. 



1. Sensitivity 



The niimber of cases among txamor patients (number N) in 
which the expression of MNSOD, TXNRDl and GPXl mRNA is 
elevated (positive) in the isolated cells (fraction C) 
in relation to the cells of the complete cell fraction 
(fraction A') is indicated below, grouped according to 
type of tumor. 



MNSOD 



Investigations 
Patients 

of which breast 
colon 
prostate 
ovary 
lung 
bladder 
liver 
thyroid 
others 



N=93 
N=90 

41 (40 positive) 

8 ( 8 positive) 

8 ( 7 positive) 

8 ( 5 positive) 

5 ( 2 positive) 

4 ( 3 positive) 

2 { 1 positive) 

2 ( 2 positive) 

12 (10 positive) 

78/90 = 87% POSITIVE 



TXNRDl 



Investigations 
Patients 



of which 



breast 

colon 

prostate 

ovary 

lung 

bladder 

liver 

thyroid 

others 



N=93 
N=90 

41 

9 

8 

7 

5 

4 

2 

2 
12 



(31 positive) 
( 6 positive) 
( 6 positive) 
( 3 positive) 
( 1 positive) 
{ 3 positive) 
( 1 positive) 
( 1 positive) 
( 8 positive) 

60/90 = 67% POSITIVE 
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GPXl 



10 



15 



20 



25 



Investigations 


N=89 




Patients 


N=86 




Ol wnicn Di:ecii>L. 


40 


(25 positive) 


colon 


o 
o 


I 6 Dositive) 


prostate 


7 


( 5 positive) 


ovary 


7 


( 3 positive) 


lung 


4 


( 2 positive) 


bladder 


4 


{ 2 positive) 


1 "1 \7P*r 


2 


( 2 positive) 


thyroid. 


2 


( 2 positive) 


others 


12 


( 6 positive) 






-> 53/86 = 62% POSITIVE 


MNSOD and TXNRDl and 


GPXl 




Investigations 


N=88 




Patients 


N=85 




0 positive 


6/85 


7% 


1 positive 


9/85 


11% 


2 positive 


33/85 


39% 


3 positive 


37/85 


44% 




-> at least 


1 gene POSITIVE in 93% 



30 



A detection directed at determination of all 3 
parameters therefore has a sensitivity of 93%, while 
the sensitivity of the individual detections is 87, 67 
and 62%, respectively. 



2. Correlation with one another 

In addition to the sensitivity of each individual 
35 parameter, it emerges that in 74% (58/78) of the cases 
in which MNSOD expression is elevated there is also an 
observable enhancement of TXNRDl expression (Pearson's 
rho correlation coefficient is 0.75). Moreover some. 
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namely 65% (49/75), of the patients with elevated MNSOD 
expression also have elevated GPXl expression (compare 
tables 2a, b, c: correlation analysis of TXNRDl and 
GPXl relative to MNSOD and of GPXl relative to TXNRDl) . 



10 



15 



The correlation between an elevated MNSOD expression 
and an elevated TXNRDl expression in disseminated 
cancer cells was not to be expected because the two 
enzymes have different functions. 

Table 2a: Correlation of TXNRDl relative to MNSOD 





MNSOD 
negative 


MNSOD 
positive 


TXNRDl 
negative 


10/11 91% 


20/78 26% 


TXNRDl 
positive 


1/11 9% 


58/78 74% 


p = 0.0001 (Pearson's test) 




Table 2b: Correlation of GPXl relative to 




MNSOD 
negative 


MNSOD 
positive 


GPXl 
negative 


7/11 64% 


26/75 35% 


GPXl 
positive 


4/11 36% 


49/75 65% 


p = 0.10 (Pearson's test) 




Table 2c: Correlation of GPXl relative to 




TXNRDl 
negative 


TXNRDl 
positive 


GPXl 
negative 


12/27 44% 


20/58 34% 


GPXl 
positive 


15/27 56% 


38/58 66% 


p = 0.38 (Pearson's test) 
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3. Correlation with bcl-2 overexpression 



It also emerges that in 100% (5/5) of the cases in 
which TXNRDl expression is elevated there is an 
5 observable enhancement of bcl-2 expression (Pearson's 
rho correlation coefficient is 0.32, and that of 
Spearman is 0-58; compare tables 3a, b, c: correlation 
analysis of MNSOD, TXNRDl and GPXl relative to bcl-2) . 

10 This shows that an elevated TXNRDl expression is 
involved in the apoptosis blockade associated with 
elevated bcl-2 expression. 



Table 3a: Correlation of MNSOD relative to bcl-2 



20 





bcl-2 
negative 


bcl-2 
positive 


MNSOD 
negative 


9/41 22% 


0/5 0% 


MNSOD 
positive 


32/41 78% 


5/5 100% 


p = 0.57 (Pearson's test) 




Table 3b: Correlation of TXNRDl relative t 




bcl-2 
negative 


bcl-2 
positive 


TXNRDl 

negative 


20/41 49% 


0/5 0% 


TXNRDl 
positive 


21/41 51% 


5/5 100% 


p = 0-06 (Pearson's test) 




Table 3c: Correlation of GPXl relative to 




bcl-2 
negative 


bcl-2 
positive 


GPXl 
negative 


10/39 26% 


3/5 60% 


GPXl 
positive 


29/39 74% 


2/5 40% 



p = 0.14 (Pearson's test) 
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4 . Correlation with tumor patients 

A comparison between the healthy donors and some of the 
t\amor patients (tables 4a-c) shows that there is a 
surprisingly clear correlation between the measured 
elevated expression of the MNSOD, TXNRDl and GPXl genes 
and the 'tumor patients. 

Table 4a: Comparison between healthy donors and tumor 
patients in relation to MNSOD expression 





Healthy 


TUMOR 


N 


9 


43 


Average 


0.93 


4.82 


Median 


1.01 


3.62 



Wilcoxon p = 0.0004 
Median p = 0.001 



Table 4b: Comparison between healthy donors and tumor 
patients in relation to TXNRDl expression 





Healthy 


TUMOR 


N 


9 


44 


Average 


0.91 


2.18 


Median 


0.97 


1.72 


Wilcoxon p = 0.02 
Median p = 0.01 




Table 4c: Comparison between 
patients in relation to GPXl 


healthy dono 
expression 




Healthy 


TUMOR 


N 


8 


38 


Average 


3.69 


18.98 


Median 


2.88 


13.09 


Wilcoxon p = 0 
Median p = 0. 


.0006 
002 
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5. Correlation with recurrences 

A further comparison within the group of tumor patients 
between those who have had a recurrence and those who 
have had no recurrence shows that there is likewise a 
surprisingly clear correlation between the measured 
elevated expression of the MNSOD, TXNRDl and GPXl genes 
and the recurrences. This applies to all the tumors 
investigated (tables 5a-c) and in particular to 
patients with carcinoma of the breast (tables 6a-c) . A 
surprising advantage of the method of the invention is 
that at least 2, and in particular all 3, parameters 
correlate better with the clinical course of a cancer 
than one parameter alone (tables 7a, b) . 

Table 5a: Comparison between tumor patients without 
recurrence and those with recurrence in relation to 
MNSOD expression 





No recurrence 


Recurrence 


N 


23 


14 


Average 


3.12 


6.17 


Median 


2.78 


5.43 



Wilcoxon p = 0.02 
Median p = 0.005 



Table 5b: Comparison between .tumor patients without 
recurrence and those with recurrence in relation to 
TXNRDl expression 





No recurrence 


Recurrence 


N 


23 


14 


Average 


1.48 


2.32 


Median 


1 . 17 


2.09 



Wilcoxon p = 0.05 
Median p == 0.14 
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Table 5c: Comparison between tiamor patients without 
recurrence and those with recurrence in relation to 

GPXl expression 





No recurrence 


Recurrence 


N 


20 


14 


Average 


13.01 


23.49 


Median 


9.20 


15.66 



Wilcoxon p = 0.05 
Median p = 0.04 



Table 6a: Comparison between patients with carcinoma of 
the breast without recurrence and those with recurrence 
in relation to MNSOD expression 





No recurrence 


Recurrence 


M 


12 


4 


Average 


2.92 


8.71 


Median 


2.73 


6.66 



Wilcoxon p = 0.03 
Median p = 0.03 



Table 6b: Comparison between patients with carcinoma 
of the breast without recurrence and those with 
recurrence in relation to TXNRDl expression 





No recurrence 


Recurrence 


N 


12 


4 


Average 


1.53 


2.95 


Median 


1.43 


2.84 



Wilcoxon p = 0.06 
Median p = 0.26 
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Table 6c: Comparison between patients with carcinoma 
of the breast without recurrence and those with 
recurrence in relation to GPXl expression 





Ho recurrence 


Recurrence 


N 


11 


4 


Average 


11.12 


19.17 


Median 


9.10 


15.66 



Wilcoxon p = 0.13 
Median p = 0.02 



Table 7a: Comparison between patients with carcinoma of 
the breast without recurrence and those with recurrence 
in relation to MNSOD, TXNRDl and GPXl expression 





No recurrence 


Recurrence 


0 


0/18 


0% 


0/7 0% 


1 


2/18 


11% 


0/7 0% 


2 


8/18 


44% 


3/7 43% 


3 


8/18 


44% 


4/7 57% 



Table 7b Comparison between tumor patients without 
recurrence and those with recurrence in relation to 
MNSOD, TXNRDl and GPXl expression 





Ho recurrence 


Recur 


rence 


0 


1/28 


4% 


3/29 


10% 


1 


4/28 


14% 


2/29 


7% 


2 


11/28 


39% 


9/29 


31% 


3 


12/28 


43% 


15/29 


52% 



6. Correlation with DNA aberrations 

The occurrence of DNA aberrations, i.e. genomic 
imbalances (G.I.) (cf. Giesing et al . Int J Biol 
Markers, 15-94, 2000) in the isolated cells also 
correlates clearly with elevated expression of the 
MNSOD, TXNRDl and GPXl genes, as proved by the results 
shown in tables 8a-d. The number of genomic imbalances 



correlates with the nuinber of overexpressed genes 
selected from MNSOD, TXNRDl and GPXl. 

Table 8a: Comparison between the absence and the 
occurrence of genomic imbalances in relation to MNSOD 
overexpression 





1 G.I. 


^ 2 G.I. 


SOD > 1.2 


16/19 84% 


8/8 100% 



Table 8b: Comparison between the absence and the 
occurrence of genomic imbalances in relation to TXNRDl 
o ve r exp r e s s i on 





1 G.I. 


^ 2 G.I. 


TXNRDl > 1.3 


12/19 63% 


5/9 56% 



Table 8c: Comparison between the absence and the 
occurrence of genomic imbalances in relation to GPXl 
o ve re xpr e s s ion 





1 G.I. 


^ 2 6.1. 


GPXl > 5.2 


11/17 65% 


8/8 100% 



Table 8d: Comparison between the absence 
occurrence of genomic imbalances in relation 
TXNRDl and GPXl overexpression 





1 G.X 




2£ 2 


6.1. 


0 


0/17 


0% 


0/7 


0% 


1 


2/17 


12% 


0/7 


0% 


2 


8/17 


53% 


2/7 


29% 


3 


8/17 


35% 


5/7 


71% 



mRNA expression analysis according to the invention 
using biochips 

mRNA total amplification 



and the 
to MNSOD, 



The RNA amplification takes place as described in 
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Zohlnhofer D, et al . Circulation 103, 1396-1402, 2001. 



Chip design 

Besides various tiamor- relevant gene-specific probes, 
also integrated on the chip are probes for quantifying 
MNSOD, GPX2, GPX3 and TXNRD expression. 

The following MNSOD-, GPX2-, GPX3- and TXNRD-specif ic 
probes are used: 

MNSOD: 

GAACAACAGGCCTTATTCCACTGCTGGGGATTGATGTGTGGGAGCACGCTTACTACCTTC 
(SEQ ID NO: 19) 

TXNRDl : 

CGTGTTGTGGGCTTTCACGTACTGGGTCCAAATGCTGGAGAAGTTACACAAGGCTTTGCA 
„(SEQ ID NO:20) 

GPX2 : 

TACAGCCGCACCTTCCCAACCATCAACATTGAGCCTGACATCAAGCGCCTCCTTAAAGTT 
(SEQ ID N0:21) 

GPX3: 

CTCTTCTGGGAACCCATGAAGGTTCACGACATCCGCTGGAACTTTGAGAAGTTCCTGGTG 
(SEQ ID NO:22) 

Production of the oligonucleotide arrays 

Production of the probes 

a) Oligonucleotides (60-mers) 

The oligonucleotides are produced in a manner known per 
se by solid-phase synthesis with the phosphoramidite 
method. Oligonucleotides which are coupled via the 
3' -OH to the solid phase and have DMTr-protected 5' -OH 
and the above sequence are synthesized. 



b) Quinone-spacer construct 

This is synthesized in a manner known per se from 
anthraquinone-2-carboxylic acid, mono-Boc-1, 3-propane- 
diamine and hexaethylene glycol. 

c) Quinone-spacer-oligonucleotide construct 

After assembly of the above sequences, the DMTr 
protective group at the 5' end is again removed under 
acidic conditions with ZnBr2, and the free 5' -OH is 
reacted with the 2-cyanoethyl-N, N-diisopropylchloro- 
phosphoramidite-activated quinone-spacer construct . 

The quinone ' derivatives synthesized in this way 
therefore have a structure of the general formula 
AQ-CO-NH- (CH2) 3-NH- (CH2) 2" (OCH2CH2) 5-O-PO2-5 ^ (SEQ ID 

NO:19-22)-3^. 

The other cancer-relevant gene-specific probes are also 
produced in an analogous manner. 

Coupling of the probes to the array surface 

An aqueous solution (2 mM calcium chloride; 1% by vol. 
1-propanol) of each desired quinone derivative (10 ]iM) 
is applied using a piezodispenser (1-channel; Genesis 
NPS 100/4 with Active Tip M, TECAN AG, Hombrechtikon, 
CH) in a 400 \m grid on polycycloolef in (Zeonex 480R; 
Zeon) . The drop size is about 0.5 nl. After the spots 
have dried, the support is irradiated with UV light for 
1 min. The support is then washed and dried in air at 
room temperature. The diameters of the resulting spots 
are about 120 to 180 \mi. 

Hybridization 

The mixtures obtained from the RNA amplification are 
diluted in a suitable manner with 2 x SSPE buffer and 
pipetted onto the array. It is incubated at 60*^0 for 
16 hours. After two washing steps with 1 x SSPE buffer 
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at 60 "^C, Cy5-streptavidin (Amersham Pharmacia Biotec) 
is added and incubated at room temperature for 15 min. 

Evaluation of the array 

The fluorescence is determined using a CCD camera 
scanner. 

Example 3: Tumor patients 

Figure 1 shows a CCD contact exposure image of the 
fluorescence radiation emitted from the array after 
hybridization with cDNA single-stranded fragments which 
were generated in the manner described above by means 
of mRNA total amplification from the tumor cell 
fraction C and the comparative cell fraction A' • 

Overexpression of MNSOD and GPX2 in the tumor cell 
fraction is clearly evident. The measurement underlines 
the increased sensitivity and specificity of the 
detection method of the invention compared with other 
tumor cell-detecting genes. 



